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Abstract— The concern on the global environment has imposed restraints on the production of electricity. The emphasis recently is on the 
development of environmental friendly methods to promote sustainable power production as it is in micro hydro power generation. The 
running cost of such plants is low but initial capital cost can be relatively high. By reducing the equipment cost in micro hydropower system, 
micro hydro turbines can become more useful and easily affordable. Reducing the equipment cost by the use of centrifugal pump in reverse 
mode can be an alternative to conventional hydraulic turbine. This paper discussed the adaptation of a water pump to function as a small 
hydro-turbine to be utilized in small stream in rural areas. Annual rainfall data was obtained from a 14 year data from National Centre of 
Agricultural Mechanization (NCAM) to obtain the discharge from river Odurun. By using the codrier graph method, a pump with a diameter 
of 245 mm was chosen from three pump obtained from a manufacturer catalogue. The speed at which the turbine will run was evaluated to 
be 1437 rpm with a head of 29 m, discharge of 0.044 m
3
/s and a power output of 10.1 kW with a model number of NW 10D. It was based 
on the site boundary conditions the pump selection was made and the performance evaluated using ratios of the head and discharge 
coefficients. 
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1. INTRODUCTION 
ccess to energy is one of the major challenges the 
world faces today. Electricity is the most widely 
used and desirable form of energy. As a country’s 
population grows and its economy expands its demand 
for electrical energy multiplies. If the demand is not 
adequately met, a shortage in supply occurs and results 
in energy crisis (Sifat et al., 2009). Adequate generation 
of electricity is essential to develop the economy’s 
infrastructure. Many thermal power plants are running 
throughout the world for electricity generation 
(Himanshu et al., 2010). Lack of access to clean modern 
energy services is an enormous challenge facing the 
African continent. Today, about 70% of the Nigerian 
population does not have access to electricity (Oyedepo, 
2012).The emphasis recently is on the development of 
environmental friendly methods to sustainable power 
production (Kerridge et al., 2008).  
Nigerian is endowed with abundance of water resources 
by large rivers, small rivers and streams. Potential sites 
for small hydropower scheme which can serve the rural, 
isolated communities and urban areas as well abound.  
Pump as a turbine is an alternative to a micro hydro 
turbine, which is a pump that operates in the reverse to 
generate electricity. The selection of a turbine is 
dependent on the net head, flow rate, speed and power 
capacity. PAT is similar to the Francis turbine by its head 
range between 20m - 40m (Apsley, 2013). The pump as a 
turbine is limited if the flow rate falls a little below, what 
is required for maximum efficiency, less power will be 
obtained (Williams, 1997). Several methods for 
predicting the behavior of pumps in turbine mode 
have been developed but no method is appropriate 
for the entire range of specific speeds (Greacen, 2006).  
Williams (1996) found out that the greatest advantage of 
using a pump gas turbine for medium head sites is 
practical and cost advantage over other types of turbine. 
Greacen (2006) also reported that lack of performance 
data is a significant barrier to the wider use of PAT.  
*Corresponding Author  
According to Nautiyal et al. (2011) the selection of a 
proper PAT for a site is a big challenge in installation of 
pump in small hydro site.  Derakhshan and Nourbakhsh 
(2008) investigated several methods developed to predict 
the best efficiency of pumps running as turbines. Several 
researches are given different methods of predicting the 
turbine performance of a pump. Nautiyal et al. (2011) 
predicted the best efficiency point (BEP) of a pump for 
turbine mode by using the pump operation data 
provided by the manufacturer. 
Pascoa et al. (2011) presented in their study a new 
approach for predicting pumps operating point from 
direct pumping mode characteristics. Their study 
presented diverse correlations used to predict the pump-
as-Turbine (PAT). The accuracy of the computations was 
checked by comparing RANS (Reynolds-Averaged 
Navier-stokes) results with experiments for direct mode. 
According to Derakhshan and Nourbakhsh (2008) 
investigation, a theoretical analysis was used to calculate 
the best efficiency point of an industrial centrifugal 
pump running as turbine base on area ratio. In this 
paper, site conditions design Head (H) and Discharge 
(Q) are used in a specific speed equation, in which the 
result were used to validate cordier graph in identifying 
the water pump as a turbine.  
2. MATERIAL AND METHOD 
2.1 Study area 
The site was identified using a topography map of Ilorin 
North-West (scale, 1: 50,000). The identified river site is 
located between latitude 8018’ N to 8023’ N and 
longitude 4041’E to 4045’E with altitude 370m above sea 
level. It is located at the National Centre for Agricultural 
Mechanization (NCAM) near Elerinjare, a rural 
community with population of above 1,000 inhabitants. 
River Odorun enters into NCAM from the north east and 
flows out west wards. At the upstream of the site, the 
river has 17 tributaries giving rise to increase run-off and 
large storage volume. The soil type of the area is 
dominantly sandy soil and the mean annual rainfall is 
1200mm. 
A 
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Fig. 2: Cordier diagram: specific speed to specific diameter 
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2.2 Catchment Boundary 
The catchment boundary of the river was drawn using 
the topography map identifying the contour lines and 
hydrologic flow directions. The enclosure of the ridge 
formed the catchment boundary. The area formed by the 
ridged was determined by the method of counting 
squares. The total catchment map area is 112 cm2 .The 
Land area was estimated to be 2799.3ha. 
 
2.3 Boundary Conditions  
Hydro Power is site specific and a well-known 
renewable energy source generating clean, and 
predictable electric power. The configurations vary 
depending on the topography and hydrological site 
conditions. The boundary conditions are the design 
discharge (Q) and the design Head (H). The design Q 
was obtained from the river run-off of the rainfall data 
over a period of 14 years. A flow duration curve was 
obtained from the data analysis as presented in Figure 1. 
 
 
 
2.4 Site Parameter: Discharge and Head   
From the flow duration curve the design flow, install 
capacity, mean discharge and the Plant capacity factor 
were obtained. The design discharge is the flow at the 40 
percentage exceedence, (Q40, 0.052 m3/s). The installed 
capacity was based on maximum flow, which was a flow 
exceeded 15 percentage of the time (Q15, 0.0.076 m3/s). 
The mean flow (Qm) was computed using the formula:  
 
                                             
                                    
     (1) 
 
The design head (H) in meters was derived from the 
topography map. Based on the coutour line of the map, 
five lines crossed the river. The design height was 
estimated from the contour line, 1200 and 1100 to be 
100feet (30m). 
Design Power PD 
                                (2) 
where, 
HE is the energy head (30 m) 
Q is the design discharge 
           =  9.81 x 0.052 x 30 = 15.3 kW 
 
 
2.5 Selection of Water Pump 
2.5.1 Pump specific speed Determination 
The selection of the pump was determined from the site 
conditions from the flow duration curve. For the pump 
selection, the specific speed of pump was obtained by 
substituting the boundary site conditions parameters 
into boundary site equation, given as: 
 
     
  
 
  
    
                   (3) 
                              
Where, H is the boundary site Head (30 m) 
Q is design flow on site (0.052 m3/s) 
N is rotation speed of the generator (1500 rpm) 
 
     
              
 
  
     
    = 26.68 rpm  
Substituting the value of specific speed (NS), 26.68 rpm 
in cordier equation,  
                               (4) 
        
where,   is the cordier specific speed of the pump  
  = 0.17 
By using the cordier graph (Figure 2) and tracing the 
specific speed value 0.17, we obtained three specific 
diameters, ∆L (4.47), ∆M (4.65),    ∆U (4.84) 
dimensionless. 
  
2.5.2 Pump Absolute Diameter (D) 
The obtained specific diameters are dimensionless, 
equation (5) converts the diameter to absolute diameters. 
 
    
      
            
             (5)   
     
When specific diameter values are substituted in the 
above equation, the absolute values are as follows: 
DL =  233 mm,  
Dm = 243 mm,  
Du =  253 mm 
To estimate diameter of pump, the values were 
compared with the manufacturer catalogue of the pump 
(see Table 1).  
 
 
 
Fig.  1:  Flow duration Curve of 14 year period in Idofian 
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Having chosen a pump with cordier graph, the pump 
impeller diameter was found to be 245 mm, operating 
speed 1450 rpm, discharging 0.0345 m3/s, and input 
power of 12.5 kW with an operating efficiency of 72.7%. 
 
2.5.3 Pump Performance Analysis 
The pump performance at the best efficiency was 
evaluated from the data of the pump obtained from the 
manufacturer catalogue. Using the following equation 
(a) Head Coefficient (ψp) = 
  
    
         (6) 
(b) Discharge Coefficient (φp) = 
 
   
       (7) 
Thus,    (ψp) = 
         
            
         
 
(φp) = 
    
          
   0.097  
 
2.6 Turbine Evaluation 
The size of the pump to operate as turbine having 
established from the manufacturer catalogue, it is 
necessary to determine the speed of operation of the 
turbine. This was achieved by converting the absolute 
diameter of the pump to specific diameter (Dsp) using 
equation (8).  
 
     
      
 
  
 
 
  
                (8) 
where, 
D is the absolute diameter (245 mm) 
G is the acceleration due to gravity, 9.81 m/s2 
Q is the flow of the selected pump, 0.0345 m3/s 
H is the head of the selected 30 m is the energy head   
 
These values are substituted in the in specific diameter 
(Dsp) equation (8) and the value obtained was 4.49. The 
value 4.49 (dimensionless) was put back into the cordier 
diagram and three range of cordier specific speed were 
obtained as; 
            
         
         
 
The values obtained substituted in equation (4), another 
set of specific speed were obtained; 
         
         
         
The specific speeds were converted to absolute values by 
equation (9) 
   
       
 
  
 
 
  
                  (7) 
Substitution specific values into absolute values in the 
equation above, we obtained  
 
   = 1321 rpm 
   = 1392 rpm 
   = 1463 rpm 
 
2.6.1 Turbine (PAT) Analysis 
The potential of a pump to operate as a turbine as 
accessed through its head coefficient and discharge 
coefficient, given as in equation (6) and Equation (7). The 
head coefficient and discharge coefficient of the turbine 
was base on the design head and discharge using the 
range of the three absolute speed obtained early.  
For the lower limit: 
Head coefficient (ψt) = 10.115 
Discharge coefficient (φt) = 0.161 
For the mean limit: 
Head coefficient (ψt) = 9.083 
Discharge coefficient (φt) = 0.152 
For the upper limit: 
Head coefficient (ψt) = 8.258 
Discharge coefficient (φt) = 0.145 
 
3. RESULT AND DISCUSSION 
The boundary conditions of the head and discharge, 30m 
and 0.052m3/s respectively obtained from the analysis of 
a 14 year rainfall data were used to identify the pump 
using cordier diagram. The specific speed was evaluated 
to be 26.68 rpm transform by cordier equation to 
obtained a dimensionless value of 0.17 and subsequent  
cordier graph produced three ranges of specific 
diameter, 4.47(lower limit), 4.65 (mean limit) and 4.84 
(upper limit). These values were converted to their 
absolute diameters, as 233 mm, 243 mm and 255mm.  By 
searching through a manufacturer catalogue, a pump 
with an impeller diameter of 245 mm, was selected. The 
speed at which the pump will run as a turbine was 
Table 1. Pump Manufacturer catalogue table 
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evaluated through cordier diagram and three ranges of 
absolute speed were determined as 1321 rpm, 1392 rpm 
and 1463 rpm. The selection of the particular speed was 
between the mean and upper range. Usually the lower 
speed do not perform favorably as a turbine, the choice 
is then base between the mean and upper class. 
  
3.1 Efficiency of the PAT  
The pump performance was evaluated based on their 
head and discharge as 5.597 and 0.097. The turbine 
performance also evaluated base of the ranges of values 
(Table 2).                    
          
For the pump to work efficiently as a turbine the 
following conditions were met: 
i. The head and discharge coefficients must be 
greater than one. The pump is accepted. 
ii. If the ratios are too large or small the pump is 
rejected. 
iii. If the ratios are equal and greater than one, the 
pump is accepted. 
 
It is observed from the table 2 that conditions (1) is met 
which the two ratios are greater than one, all the ratios. 
The three ratios are not large or small so the pump is 
accepted as a turbine. The third condition is also met 
with pump as turbine. The ratios are nearly equal and 
greater than one, particularly on the upper range of head 
ratio, 1.48 and discharge ratio of 1.49. The selected PAT 
will run at 1470 rpm, deliver 10.1 kW, a discharge of 
0.044 m3/s at a head of 29 m. Retrofitting the result to a 
Francis data small hydro turbine classification by head 
of 29m will deliver an energy greater than 75 MW. The 
results correspond with Punit (2005) and Derakhshan 
& Nourbakhsh (2007), using site boundary to 
determine the BEP of the Pump as a turbine. 
 
4. CONCLUSION AND RECOMMENDATION 
The choice of appropriate technology and electrification 
is determine by the cost effectiveness and environmental 
friendliness. In this investigation, the cordier diagrams 
were used to predict the pump that can run as a turbine 
on site. The site conditions are obtained as discharge and 
energy head from topography map and river discharge 
equation. The identified pump has a diameter of 245 
mm. With the selected pump diameter through cordier 
diagram analysis, the pump to run as a turbine was 
selected. The pump as a turbine will run at speed of 1427 
rpm and deliver energy of 10.1 kW. 
It is obvious from the retrofitting analysis that the 
Francis turbine delivers a higher energy than the PAT. 
However, the energy deliver by the pump is lower, but 
meet the low energy demand of local communities. 
Secondly, PAT does not redesign and pumps are readily 
available. The pump as a turbine is an infrastructural 
development that can provide pico-power to 
government energy mix demand. 
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